Background: The prevalence of obesity among children is increasing, but treating obesity is difficult and has poor outcomes. We assessed the 4-year impact of a school-based educational intervention on physical activity, body mass index (BMI) and the prevalence of overweight and obesity. Methods: A 6-year cluster-randomised study was used to evaluate an intervention programme for children in primary school in 2006-08. The intervention promoted healthy eating habits and physical activity in the school setting through the investigation, vision, action and change educational methodology that involves children as active participants in healthy change. BMI and physical activity were measured in 2006, 2008, 2010 and 2012. Multilevel mixed-effects linear regression was used to assess change in BMI over time. Results: The effect of the intervention was maintained 4 years after completion. Average increase in BMI was greater in the control than in the intervention group (3.85 AE 2.82 vs. 2.79 AE 2.37); the mean difference was 1.06 (95% confidence interval: 0.14-1.97). In the intervention group, the prevalence of overweight and obesity decreased (1.4 and 3.7%, respectively). In the control group, the prevalence of overweight increased (9.4%) and the prevalence of obesity decreased (1.6%). The control group spent more time in sedentary activities. No differences were observed in physical activities. Conclusions: Control of weight gain was sustained 4-years after an educational intervention during the first 2 years of primary school. Future interventions to prevent obesity should build on principles viewing children as active agents of healthy change. Trial registration: ClinicalTrials.gov NCT01156805. 
Introduction
T he prevalence of obesity among adults in Europe ranges from 10 to 30% 1 and the proportion of overweight children increased substantially between 1990 and 2008. 2 Childhood obesity is an independent risk factor for adult obesity and has been linked to physical, social and psychological consequences, including health risks and a reduction of life expectancy. 3 The complex causes of obesity and its association with unhealthy lifestyles during early childhood result in various initiatives to fight obesity in children. [4] [5] [6] [7] To tackle obesity, interventions can be undertaken in various settings, such as clinic-home, community centres and schools. Schools constitute a suitable intervention setting as because students spend a significant part of their lives in school, where they are exposed to dietary practices (e.g. school lunch programmes) and physical activity. Schools can reach almost all the children across socio-cultural groups over a short time. 8 Systematic reviews and meta-analysis of long-term and schoolbased interventions to prevent obesity in children have been resported. [9] [10] [11] In a Cochrane review, school-based interventions, particularly those targeting 6-to 12-year olds, were effective in reducing body mass index (BMI). 9 However, multi-component interventions do not necessarily improve outcomes, and intervention duration is a crucial determinant of effectiveness. 8, 10, 11 Although school-based interventions are generally considered effective over the short term and immediately following the intervention, few studies analyze their long-term impact on food habits, physical activity levels and BMI. 12, 13 The Avall study consisted of a an intervention over 2 years in the school setting that was evaluated immediately after completion 14 and after 2 years (2010). 15 The current study investigates the impact of the intervention on physical activity, BMI and prevalence of overweight and obesity after 4 years.
Methods

Study population
The Avall project 14 (ClinicalTrials.gov NCT01156805) was conducted with the support of the Education and Health Departments of the Catalan government and of all headmasters/ headmistresses of the schools involved. Participants were schoolchildren born in 2000, starting their first year of primary education in 2006 and attending 1 of the 10 state schools and 6 partially subsidised schools in the city of Granollers (Barcelona). Informed consent was obtained from 598 parents of 704 (84.9%) children invited to participate in the study. Data were obtained from 566 children (80.4%). 16 In 2008, anthropometric measurements were obtained from 509 children: 237 (78.8%) in the control group and 272 (72.7%) in the intervention group.
14 Design A 6-year cluster randomised longitudinal study with two parallel arms was conducted.
In 2006, the 16 schools in Granollers (10 public schools fully supported by the government and 6 semi-private schools partially supported by the government) were randomly distributed to the intervention or control group stratified according to public or semi-private status, number of first-year's classrooms and socioeconomic status of the local neighborhood.
In June 2012, Avall study nurses returned to participating schools to obtain anthropometric measurements and collect questionnaires. Children were weighed when wearing light clothing and no shoes, using a portable digital scale with a precision of AE100 g (Oregon model BWR101, Oregon Scientific, Hong Kong). Height was recorded to the nearest 0.1 cm using a portable stadiometer (MZ10017).
14 Data on eating at school and daily hours spent watching television, video or DVD were collected through questionnaires completed by parents of participating children. Parental height, weight and level of education also were recorded.
Intervention
The intervention promoted healthy eating habits and physical activity in the school setting through the investigation, vision, action and change (IVAC) educational methodology during two school years . IVAC is based on children's participation, they investigate and reflect on how conditions in their environment and in society affect their health and their lifestyles and develop actions for change. 17, 18 The teacher becomes a partner in dialogue with the children, helping them develop skills and competencies to change the conditions in their environment. IVAC requires systematic training of teachers in action-oriented and participatory health promotion approaches, but does not affect their normal teaching programmes. In addition, an extracurricular intervention that relied on collaboration between schools and participating families was designed. 14 Teachers in each classroom developed activities related to healthy habits, integrated into regular content (e.g. math, science, language, knowledge of the environment) through mechanisms such as posters, food tables, games, crafts, cooking workshops or games on the school playground. Each activity was designed to ensure that children participated.
The overall IVAC-framework allowed teachers and schools some flexibility in addressing healthy habits in different curricular areas, as demonstrated by the following examples. In 'Food Bingo', food was the subject of mathematics and natural sciences. 'Book Nyam-Nyam' was a 'travelling book' in which students described their families' favourite healthy recipes and all families could share their opinions. School magazines and websites were used to disseminate information about the project and to reflect on activities. A party at the end of the school year brought the Avall project to a close; the main objectives were to increase the visibility of the 2-year project and to bring together participating schools and families and the Avall team. During the party, Avall panels revealed the curricular activities that had taken place during the school year: using theatre performances, songs, dance shows and quizzes related to nutrition and physical activity.
After the Avall project was presented to the families of the children in the first-year classes at the start of each school year, their participation was requested. Subsequently the families received periodic newsletters from the Avall team with news about project progress, books and reading recommendations related to diet and physical activity for families and children, as well as monthly recipes using healthy seasonal foods adapted for the whole family.
Avall project activities were designed to increase children's awareness of healthy habits reduce their consumption of soft drinks, sweets and candy, promote their consumption of fruits, vegetables, legumes and fish and increase their physical activity. Healthy habits promoted in the Avall project were based on guidelines from the Department of Health of the Government of Catalonia. 6 Underweight schoolchildren were included because Avall activities could also improve their diet and exercise habits.
Variables
The main outcome variable was change in BMI over time. The secondary variable was physical activity.
Weight, height and BMI were measured as previously described. BMI was categorised as underweight, healthy weight, overweight and obese, using the cut-points values proposed by the International Obesity Task Force. 19 Garrow's criteria were used to classify parents' the weight status. Two additional variables were measured: daily hours spent watching television, videos or DVD (dichotomised as 1-2 h per day and more than 2 h per day) and after school physical activity (categorised as yes, no and sometimes).
Analysis
A per-protocol analysis was used. Categorical variables were expressed as frequencies and percentages and continuous variables as means and standard deviations (SD). Between groups, comparisons (intervention vs. control) were made using Student's t-test for continuous variables and the Pearson 2 test for categorical variables. Mixed-effects linear regression, adjusted for clustering within schools and within children was performed to assess the effect of the intervention on changes in BMI over time (BMI Â year interaction), adjusted by variables that influenced changes in BMI.
The initial regression model included all variables that were individually associated with the outcome at a significance level of P < 0.10. The final model included variables that were statistically significant at the level of P < 0.05; Akaike information criterion and biological plausibility were also taken into account.
Missing values for BMI at follow-up were imputed using all available variables. The estimation model was based on 20 replications and included the same variables as in the final hierarchical model.
In baseline data, all hypothesis tests were performed by linear or logistic regression analysis, adjusting for clustering within schools. Changes in BMI over time were analysed using linear regression, adjusted for clustering within schools and within children.
Statistical significance was set at P < 0.05 (two-tailed). Data were analysed with SPSS version 22.0. Multiple imputation and mixedeffects linear regression analysis was performed with the Statistical Package StataSE 14.0 for Windows.
Results
Of the 509 schoolchildren with complete anthropometric data in 2006, complete anthropometric measurements were obtained in 2012 for a 397 (79.0%) children: 181 (66.5%) was the control group and 216 (91.4%) was the intervention group (Supplementary data and figure 1).
The Avall study generated 2036 records for 509 schoolchildren in the four data collection waves; 1061 (52.1%) records lacked information on at least one variable (Supplementary table A) .
Loss to follow-up was comparable across groups (23.6% in the control group and 20.6% in the intervention group) and occurred mainly among immigrant children (table 1) .
Baseline characteristics
At the study inception in September 2006, the mean age was the same in both groups (6.0 AE 0.3 years), and girls comprised 45.6 and 46.3% of the control and intervention groups, respectively. Loss to follow-up was comparable across groups (23.6% in the control group and 20.6% in the intervention group) and occurred mainly among immigrant children. Table 1 depicts baseline characteristics of children lost to follow-up and those who completed the study in both groups. The only statistically significant difference between children lost to follow-up and those who completed the whole study was a higher proportion of immigrant children among those lost to follow-up in both intervention and control groups.
At baseline, children in the intervention group had higher average BMI and a greater proportion of fathers with secondary education (table 1) . However, these differences were not statistically significant in the multilevel analysis.
A higher proportion of schoolchildren in the intervention group ate lunch at school (54.4 vs. 41.7%, P = 0.015).
After school physical activities and daily hours spent in sedentary activities were similar in both groups (71.7 vs. 65.2% and 26.1 vs. 20.8% in the control and intervention groups, respectively).
Physical activity at follow-up
More children in the control group than in the intervention group spent more than 2 h each day in sedentary activities (38.8 vs. 27.3%; P = 0.015). The percentage of children walking to school was the same in both groups (65.6%). The proportion of children with after school physical activities was higher in the intervention group (76.9%) than in the control group (69.7%); however, this difference was not statistically significant. Table 2 shows the individual effect of each variable that could be included in a multilevel linear regression model, adjusted by school and child, with BMI over times as the dependent variable and the interaction between year and intervention as fixed variables.
Predictors of changes in BMI
A mixed-effects linear regression revealed the need to adjust for clustering within schools and within children. The 'Intervention Â Year' interaction indicated an intervention effect that remained over the course of the follow-up, accounting for an attenuation of the increase in BMI of À0. 
Change in BMI and weight status
Four years after the educational intervention was completed, the prevalence of overweight decreased by 1.4% and the prevalence of obesity decreased by 3.7% in the intervention group; the total reduction of excess weight (overweight and obesity) was 5.1%. In the control group, the prevalence of overweight increased by 9.4% and the prevalence of obesity decreased by 1.6%; total excess weight increased by 7.8% (Supplementary table B) .
The estimated average BMI from the mixed-effects linear regression 'intervention model' showed no differences between control and intervention groups in different years (table 4), but the increase in BMI from 2006 to 2012 was higher in the control group at 1.06 kg m À2 (95% confidential interval: 0.14-1.97; P = 0.023).
Discussion
The current study analyzes the effect on BMI over 4 years of an educational intervention conducted in a school setting. The study also assessed whether the improvement in physical activity observed immediately after the end of the intervention was sustained over time.
The proportion of children who were lost to follow-up was low, considering the long duration of the study (22% schoolchildren and 52.1% of records). The hierarchical model obtained after imputing missing values for BMI yielded results similar to that the model based on complete data.
Loss to follow-up occurred more frequently among immigrant children in both the control and intervention groups. In the control group, loss to follow-up was slightly higher in children with obese fathers, which could contribute to a decreased final BMI in this group. Parental overweight conveys a major risk for overweight in children. 20, 21 The prevalence of overweight in our study is slightly higher than that reported in the enKid study conducted in the Basque Country during 1998-2000 22 in the same age group. This difference may be due to the fact that our study began 6 years after enKid, and the prevalence of obesity is increasing. The prevalence of overweight among children in the Avall project is similar to that of children in urban areas obtained from the Spanish National Health Survey (2006-07). 23 Whereas many studies assess the immediate effect of similar interventions, few address their medium term impact. A recent metaanalysis of intervention studies carried out in the school setting to prevent childhood obesity concluded that it is possible to reduce the BMI of schoolchildren, particularly when the intervention promotes physical activity. 24 However, it is unknown whether the reported 0.17 kg m À2 overall reduction in BMI conferred any individual clinical benefits.
The increase in BMI in the Avall study was significantly higher in the control group, with a between-group difference of 1.06 kg m À2 at the final measurement, a result similar to that obtained immediately after the educational intervention. 14 The difference in BMI between children in the intervention and control groups was slightly higher in 2012 than in 2010. These differences may be explained by physiological changes in puberty 25 and by differential drop-out of children related to unobserved changes during follow-up. 26 The mixed-effects linear regression model revealed no differences in BMI between intervention and control groups at baseline. However, the increase in BMI over the years was significantly larger in the control group, indicating that the intervention was effective. Intervention effects were smaller among migrant children and almost absent among children of mothers with low-educational attainment. However, the respective three-way interactions were not statistically significant.
Although the overall approach remained the same, the intervention differed between schools. The IVAC methodology allowed teachers a fair degree of autonomy in delivering the intervention. They adapted the specific ways of meeting the intervention objectives to the school curriculum and, consequently, were more involved in the Avall project.
Few studies on the long-term sustainability of lifestyle changes after an intervention have been published to date. In the Kiel obesity prevention study, the effects on BMI were maintained 8 years after the intervention, particularly among students from high socio-economic status families. 13 The difference in BMI increase in the Avall project is similar to that obtained in the project 'Know Your Body', conducted among primary school children from years one to six in Crete, in which the intervention was included in the school curriculum. 27 In the long term, even small positive effects of such interventions can translate into significantly reduced prevalence of chronic diseases, particularly when the effects are sustained over a long period of time. 28 In contrast, the effect of a physical activity programme on adiposity in children in a school-based physical activity programme (KISS) was not maintained after the intervention was stopped. 29 This study shows the impact of physical activity when it was performed; no impact persisted after the intervention ended.
Sedentary activities, such as watching TV, and performing physical activity are essential factors in the development of obesity. 30 However, the multivariate linear regression analysis did not reveal an association of sedentary activities or exercise with progression of BMI. The study's categorisation of time spent in sedentary activities and exercise could account for this discrepancy.
The medium-term results of the Avall study indicate that a higher number of schoolchildren in the control group with a healthy weight in 2006 became overweight or obese by 2012. The intervention was effective at constraining the increasing trend of overweight in schoolchildren. The Avall study demonstrates that the IVAC methodology, in which children develop and put into action ideas about healthy lifestyles, leads to ownership among the children (and the families) involved. Therefore, the IVAC methodology is effective in facilitating sustainable healthy changes among participants.
The sustainability of improvements in food habits observed 4 years after the end of the intervention, as has been reported, [31] [32] [33] might suggest that lifestyles acquired during childhood will be more successful at promoting healthy behaviours than will interventions later in life. Strategies to reverse current trends must be implemented to stop the high prevalence of overweight in children and of unhealthy food habits associated with poor health indicators in adult life. 33 
Conclusions
The IVAC methodology contributed to diminishing increases in BMI in a cohort of schoolchildren. Parental education levels and BMI influenced the BMI of schoolchildren; however, the intervention was still effective, although to a lesser extent, after adjusting for parental education levels. The intervention was successful in limiting the number of overweight schoolchildren. Changes in food and physical activity habits acquired through the programme proved sustainable 4 years after the completion of the intervention. On the basis of the results facilitated by the IVAC methodology, the authors recommend implementing intervention models in which children are viewed as active participants and catalysts of healthy change. Furthermore, educating professionals, such as teachers, is a crucial component of effectiveness and resources need to be allocated to this purpose to ensure the impact of future interventions. Finally, the results presented in this study call for longer-term longitudinal studies and cost-effectiveness analyses for this intervention and others of similar type.
Supplementary data
Supplementary data are available at EURPUB online. The studies of intervention in obesity in schoolchildren were mostly designed in a short intervention time and evaluated immediately The educational methodology Investigation, Vision, Action and Change (IVAC) has been effective to prevent child obesity. Control of weight gain was sustained 4 years after an educational intervention.
